Sieve tray becomes a popular contacting device in distillation process because of its relative simplicity and low cost. There is one way to improve the contact performance, especially mass transfer by modifying the sieve tray into packed sieve tray. This study was aimed to investigate the effect of adding packing in each tray to ethanol content on ethanol purification. This research was conducted via experiment and simulation approaches. The experiment used packed sieve tray that contained 3 cm and 5 cm bed of steel wool with 16 trays in the column, with operating pressure about 760 mmHg and performed in batch condition. The simulation used a reduced rated base model with some modifications for operation in the packed sieve tray column. It was found that the use of packed sieve tray gave better distillate in the batch distillation process than the use of sieve tray. The packed sieve tray raised distillate content about 8.89% when using 3 cm of packing and 23.31% when using 5 cm of packing when it was compared with sieve tray. The use of packed sieve tray could increase the mass transfer and reduce bubble diameter in the batch distillation process.
INTRODUCTION
Distillation is a process of separation and purification that is widely used in the chemical industry. It is used to separate the components in solution which have different boiling points for partially miscible or immiscible solutions into their respective components. When a multicomponent solution is heated, the vapor will be dominated by volatile components. Today, distillation devices that widely used in the chemical industry were tray towers and packed towers.
Trays are used to enlarge the contacts between liquids and gases so that components can be separated in the form of gases or liquids. Trays are widely used in distillation columns because they are easy to design and require only a relatively small cost. There are a few types of trays such as sieve tray, valve tray, and bubble cap. Tray has a low efficiency in the process of mass transfer between vapor-liquid so it needs modification to improve efficiency.
Packing is the contact device between the vapor-liquid in the distillation column, the absorption column, and the stripping column. Packing provides low pressure drop, high mass transfer efficiency, and high capacity. Types of packing are structured packing and random packing. Recent research is directed by engineer in a packing structure that meets small pressure drop criteria but has high mass transfer efficiency. Spagnolo and Chuang (1984) investigated sieve tray performance in combination with mesh packing. It was found that the tray efficiency increased from 5 to 40% with the addition of 30 mm mesh packing on one tray and packed sieve tray had low entrainment and high pressure drop. Chen et al. (1992) researched on hydraulic work and mass transfer of a sieve tray with mesh packing for various heights in methanol-water system. Their study found that Murphree efficiency of the tray increased 40-50% for various concentrations and flow rates. Xu et al. (1996) found that the efficiency of the sieve tray was increased significantly with the addition of mesh packing. Packing would cause increased interfacial area and vapor-liquid contact time. Kachur et al. have been researched the use of structured packing as a substitute for dual flow tray. From the research, it was reported that structured packing tray has a larger capacity of 44% and has 100% greater efficiency when compared with dual low tray. Khrishnamurthy and Taylor (1985) created a mathematical model for nonequilibrium stage used in countercurrent simulations of multicomponent separation processes. In this model, the relationship between the mass balance and the heat balance of each component for each phase, the mass transfer rate and energy equations and the equilibrium equations at the phase interface were solved in order to obtain the actual separation conditions. Bonilla et al. (2012) modified the mathematical model for nonequilibrium stage that previously developed by Khrishnamurthy and Taylor. In this study, reduced order rate based model has been successfully developed. To accommodate the operating conditions used in this study, modifications were made to the stage at the rate based model that was initially assumed to be packed sieve tray column.
Based on previous works, it can be concluded that the addition of packing on one tray can increase mass transfer and tray efficiency. This study investigated the effect of adding packing on each tray in the distillation process in order to improve purity. Packed sieve tray can increase the purity of ethanol due to the increase of mass transfer and the occurrence of bubble diameter reduction process in the packed
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sieve tray. A model and simulation of the distillation column using a packed sieve tray were required to accommodate the phenomena occurring within the tray which would be validated by the experimental results.
EXPERIMENTAL

Materials
The chemicals used were ethanol 96% v/v and aquadest. Packing of steel wool type was also used in this research with wide area about 20.5 cm 2 , as indicated in Figure 1 below. 
Distillation process
The distillation process used a modified sieve tray columns with the addition of packing with the number of trays about 16. This research used packing of steel wool type. Figure 2 shows the schematic of the distillation column that used in this research. This particular modified sieve tray column is known as packed sieve tray distillation column. Packing of steel wool type was used in this study with high variation, in 3 and 5 cm. The procedure was started by preparing a feed solution consisted of 6 mol% of ethanol and 94 mole% water and pouring 13 L of feed into the reboiler under atmospheric conditions with a reflux ratio that maintained at 3.5. Cooling water was flowed to the condenser. The boiler was turned on and the temperature of boiler was kept at 100 °C. The distillation process was carried out for approximately 1 hour and the purity of ethanol was observed. The specifications of the distillation column were shown in Table 1 . Figure 2 The schematic of the distillation column
Analysis
The distillation product was analyzed using gas chromatography to determine the ethanol content obtained. The type of gas chromatography used in this research was Gas Cromatografi Thermo DSQ II Mass spectrometer.
Modelling and simulation of distillation process
The model developed was based on a reduced rated base model with some modifications for operation with a certain reflux ratio. Runge Kutta numerical solutions were used to solve the differential equations in this study. Some assumptions were used in the distillation simulation to facilitate the completion of the rate based model, as following:
• Using a binary mix.
• Bulk phases were assumed to be perfectly mixed.
• Vapor-liquid equilibrium was occurred only in the vaporliquid interface.
• The relationship between heat flux and mass fluxes in the interface was ignored.
• Reboiler was assumed to be in a thermodynamical equilibrium state. The mathematical equations mentioned in following paragraphs were used in dynamic and algebraic equations. Notation g in mathematic equation was reflected to algebraic equation.
Reboiler
The partial reboiler was assumed in a thermodynamical equilibrium state. The mass and energy balance was modeled in equilibrium stage.
Non-equilibrium Stage
The mass and energy balance at the bulk phase for component i=1,2 and stage j=2,…,N-1
The total hold ups were calculated based on the geometry of distillation column and the component hold ups were described as
The interface equation of distillation column was described in this following equation 4.5 cm 5.87 cm
Equilibrium condenser
The total condensor was used to model the top stage in the column. Liquid was left the condenser with T I N temperature and amount of enthalpy H L C .
Reflux Drum
The mass and energy balance for reflux drum was described in this following equation. Figure 3 shows the system of the distillation column that used in this simulation. The packed sieve tray column simulated here was divided in four sections such as reboiler, packed sieve tray, condenser and reflux drum. Distillation column has 16 stages with added packing of steel wool type in each trays. The variation of heights used in this process was about 3 cm and 5 cm. Figure 4 illustrated the rate base model that occurred in the non-equilibrium stage. Mass and energy transfer took place in interface section because temperature and composition gradients, as respected by rate base model. The rate base model eliminated role of tray efficiency which was used in equilibrium model. The equation for each phase was related with mass and energy balance around interface section and interface was assumed at thermodynamic equilibrium. 
RESULTS AND DISCUSSION
This research used packed sieve tray consisted of 16 trays that arranged in series with atmospheric pressure. The experimental and simulation processes were carried out until the distillation process reached approximately 60 minutes. First, the distillation process was done with sieve tray which then continued with packed sieve tray which used packing of steel wool type with variation of packing heights of 3 cm and 5 cm. Figure 5 shows the distillate content of the distillation time on a sieve tray. From Figure 5 , it could be seen that the experimental results produced a maximum ethanol content of 76% mole and the simulation results produced a maximum ethanol content of 72% mole. These findings indicated the existence of deviations on the experimental and simulation results for about 6.08%. Figure 6 shows the distillate content of the distillation time on a packed sieve tray using packing of steel wool type and 3 cm height. From Figure 6 , it could be observed that the experimental results produced a maximum ethanol content of 83% mole while the simulation results produced a maximum ethanol content of 79% mole. These results proven the existence of deviations on the experimental and simulation results for about 5.02%. Figure 7 shows the distillate content of the distillation time on a packed sieve tray using packing of steel wool type and 5 cm height. The experimental results produced a maximum ethanol content of 94% mole and the simulation results produce a maximum ethanol content of 94% mole, as presented in Figure 7 . The obtained results referred to the existence of deviations on the experimental and simulation results for about 0.33%. The patterns of ethanol distillate content had the same tendency as shown in Figure 5 to 7 by observing experimental and simulation results. In general, ethanol distillate content would increase until the maximum distillate content that could be achieved was proportional to the duration of the distillation process for approximately 60 minutes. However there were some conditions where there was deviation between the ethanol distillate content by experimental method and the simulation method. There was a pattern in result of the distillate content by the experimental method under the simulation result, such as in Figure 5 and 7. On the other hand, there was pattern in result of the distillate content by the experimental method above the simulation result, as observed in Figure 6 . This might be happened because of several assumptions used in simulation methods such as binary mix was used, bulk phases were assumed to be perfectly mixed, vaporliquid equilibrium was occurred only in the vapor-liquid interface, the relationship between heat flux and mass fluxes in the interface was ignored, reboiler was assumed to be in a thermodynamical equilibrium state. Figure 8 shows the effect of using packed sieve tray to ethanol content in distillation. Packed sieve tray gave purer ethanol content than sieve tray. In other hand, the variation of packing heights gave the effect to bubble diameter in distillation process which was illustrated in Figure 10 to 12. The zone distribution in packed sieve tray was illustrated in Figure 9 . Figure 9 shows the hydraulic model of dispersion on packed sieve tray which was divided in 2 zone distributions. Zone 1 was zone enclosed by packing. In this zone, bubbles were constantly broken down by packing and caused the diameter of bubble to decrease. Zone 2 was zone above the packing. In this zone, bubbles were composed by large bubbles and small bubbles.
The distillation process using packed sieve tray with steel wool gave better tray efficiency than sieve tray. Packed sieve tray increased the maximum ethanol content by 8.89% for variation of packing height of 3 cm with tray efficiency about 166.4% and 23.31% for variation of packing height of 5 cm with tray efficiency about 231.2% when compared with distillation process using sieve tray with tray efficiency about 77.9%. The increase in ethanol content was due to the use of packed sieve tray in the distillation process that caused the formation of small bubbles. Figure 10 illustrates the size and the number of bubbles which were occurred in sieve tray. The resulting bubbles had a larger diameter and fewer bubbles if they were compared with packed sieve tray which was illustrated in Figure 11 for packed sieve tray with 3 height of packing and Figure 12 for packed sieve tray with 5 height of packing. The decreasing diameter of bubbles could increase the interfacial area and improve the contact time between vapor and liquid in the tray. It also has an effect on increasing mass transfer in the tray so that the pure distillate level obtained was more purely. In addition, the use of packed sieve trays in the distillation process could maintain the mass transfer value and the bubble diameter since the bubbles were consistently broken down by packing of steel wool type.
The increase of mass transfer in each tray was supported by previous research conducted by Spagnolo and Chuang (1984, p 565) and Chen et al. (1992, p 213) . In the previous study there was an increase in mass transfer in the tray that was influenced by the addition of packing on 1 tray. So the performance of the sieve tray could be increased with the addition of packing on 1 tray because there was an increase in the interfacial area inside the tray.
CONCLUSION
The use of packed sieve tray in the distillation process gave the better result when it compared to the usage of a sieve tray. The distillation process using packed sieve tray with steel wool increased the maximum ethanol content by 8.89% for variation of packing height of 3 cm and 23.31% for variation of packing height of 5 cm, compared with distillation process using sieve tray. The packed sieve tray caused the bubble diameter to form in decreasing manner in each tray. The small size of the bubble could increase the interface area, the contact time between vapour and liquid in the tray and mass transfer so that the ethanol content became purer.
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